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© Data transmission method. 



© The decimal numbers in ASCII code are con- 
verted into base n number codes, where the base n 
is greater than ten, and then are transmitted between 
the main control unit (1) and the terminals (2, 3, 4) 
including servo systems (3) and spindle systems (4) 



in an automated factory system. The data are thus 
compressed, and a greater number of spindles of 
the numerically controlled devices, etc., can be con- 
trolled within a predetermined time length for trans- 
mitting the data. 
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BACKGROUND OF THE INVENTION 

This invention relates to serial data transmis- 
sion methods between a main control unit and 
various terminals within factory automation (FA) 
control systems, etc. For example, this invention 
relates to a serial data transmission method be- 
tween the main control unit and the terminals within 
a numerically controlled machine tools system, 
such as a display system, a servo systems, a 
spindle systems, etc. 

The data transmission within an automated fac- 
tory system (for example, the data transmission 
between the main control unit and the various 
terminals of numerically controlled machine tools, 
such as the display system, the servo systems and 
the spindle systems) is effected either (1) by 
means of a bus-connection or a serial transmission 
utilizing two-port RAMs that can be written and 
read bidirectional^ (i. e. at two ports), or (2) by 
means of independent memories disposed at the 
main control unit and the terminals respectively, 
the transmission and reception of the data or the 
request signals to and from the memories being 
effected via a sequential transmission line. Next, 
the second mentioned method of data transmission 
is described, wherein single optical fibers connect 
the memories of the main control unit and the 
various terminals. 

Fig. 18 is a block diagram showing the or- 
ganization of an automated factory system. The 
main control unit 1 consists of a control unit 101, a 
memory 102, and an input/output interface 103. 
The terminals include a display system 2, servo 
systems 3, and spindle systems 4, connected to 
the main control unit 1 via respective single optical 
fiber cables 5, 6. Each system of the terminals 2, 
3, and 4 includes a control unit 201, 301, 401, a 
memory 202, 302, 402, and an input/output inter- 
face 203, 303, 403. In addition, the display system 
2 includes a display 204. Each of the servo sys- 
tems 3 includes a servo motor 304. Each of the 
spindle systems 4 includes a spindle motor 404. 

The data transmission via the optical fiber ca- 
bles 5 and 6 between the main control unit 1 and 
the terminals 2, 3, and 4 is bidirectional. The data 
and the parameters necessary for the control of the 
numerically controlled machine tools etc., which 
are generated by the control unit 101 of the main 
control unit 1 are first stored in the memory 102. 
The data which are stored temporarily in the mem- 
ory 102 and the parameters which are periodically 
updated are transmitted via the respective optical 
fiber cables 5 and 6 to the respective input/output 
interface 203, 303, and 403 of the display system 
2, servo systems 3, and spindle systems 4, respec- 
tively, to be stored therein. The control unit 201, 
302, 401 of each system of the respective termi- 



nals effect respective functions (the displaying of 
information upon the display 204 in the case of the 
display system 2, and the controlling of the servo 
motor 304 or the spindle motor 404 in the case of 
5 the servo systems 3 or the spindle systems 4) on 
the basis of these data and parameters stored in 
their respective memories. 

On the other hand, the data detected or input 
at the terminals, such as the display system 2, the 
io servo systems 3, and the spindle systems 4, are 
converted into predetermined data formats by the 
respective control unit 201, 301, 401, and when 
they have temporarily been stored in the respective 
memory 202, 302, and 402, they are transmitted 
15 when necessary to the memory 102 of the main 
control unit 1 via the respective input/output inter- 
face 203,303, 403, the optical fiber cable 5, 6, and 
the input/output interface 103 of the control unit 
101. The data transmission is effected, for exam- 
20 pie, in accordance with the industrial standards: 
RS232C, RS363, RS404, RS491, RS422 as deter- 
mined by the EIA (Electronics Industries Associ- 
ation). The transmission speed, however, is limited 
by the performances of the devices used for trans- 
25 mission. Further, the maximum transmission speed 
by the serial data transmission by means of the 
RS491 is 19200 bits per second. The maximum 
transmission speed by means of the RS422 is 2 
megabits per second. 
30 The data and signals transmitted from the main 

control unit 1 to the servo systems 3 or the spindle 
systems 4 include position data, speed data, con- 
trol data, and gain signals. The feedback signals- 
transmitted from the servo systems 3 or the spin- 
35 die systems 4 to the main control unit 1 include 
position feedback data, speed feedback data, load 
feedback data, and alarm signals. In addition, the 
parameters for more than twenty items for each of 
the servo and the main spindles are transmitted, 
40 when necessary, from the main control unit 1 to the 
servo systems 3 or the spindle systems 4. 

Among the above data, the data received at the 
servo systems 3 and the spindle systems 4 (the 
position data, the speed data, the control data, the 
45 gain signals, etc.) and the data transmitted there- 
from (the position feedback data, the speed feed- 
back data, the load feedback data, the alarm sig- 
nals, etc.) include data for a plurality of spindles of 
the servo systems 3 or the spindle systems 4 
50 within a predetermined control time interval. 

Fig. 19 is a diagram showing the data formats 
of the information transmitted between the main 
control unit and the terminals. The data and signals 
are transmitted using ASCII codes (American Stan- 
55 dard Code for Information Exchange). The data or 
signal received at the servo systems 3 or the 
spindle systems 4, each consisting of a label ele- 
ment, a data element, and an end element, in- 
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eludes: position data (a) couched in 12 bytes, 
speed data (b) in 10 bytes, first control data (c) in 5 
bytes, second control data (d) in 5 bytes, the first 
gain signal (e) in 11 bytes, and the second gain 
signal (f) in 9 bytes. (The number of bytes is the 
sum of the numbers of bytes of the label element, 
the data element, and the end element. The length 
of each element in bytes is represented in respec- 
tive scale diagrams in Fig. 19.) The data received 
at the servo systems 3 or the spindle systems 4 
thus totals to 52 bytes. 

The data and signals transmitted from the ser- 
vo systems 3 or the spindle systems 4 to the main 
control unit 1 include: the position feedback data 

(g) couched in 12 bytes, the speed feedback data 

(h) in 10 bytes, the load feedback data (i) in 8 
bytes, and the alarm signal (j) in 7 bytes. Each of 
these data or signals likewise consists of a label 
element, a data element, and an end element. The 
total bytes of transmitted data amounts to 37 bytes. 

Fig. 20 is a diagram showing the data received 
and transmitted within a predetermined interval of 
control time (IT). The servo systems 3 and the 
spindle systems 4 include a plurality of spindles. 
Thus, the received and the transmitted information 
within a predetermined interval of control time (IT) 
includes data for n spindles, where n is the number 
of controlled spindles. To mark the start and the 
end of the received and the transmitted data, the 
start data of 2 bytes and the end data of 1 byte are 
added to the received and the transmitted data, 
respectively. The whole data including the received 
and the transmitted data must be transmitted within 
a single IT (predetermined interval of control time). 
Fig. 20 shows the case where the total transmis- 
sion time for the received and the transmitted data 
is exactly equal to one IT (predetermined interval 
of control time). In general the total transmission 
time may be less than one IT, to leave an al- 
lowance or margin at the end of each IT. The total 
bytes to be transmitted within one IT are: 

(2 + 1) + 52 n + (2 + 1) + 37 n bytes. 

If the EIA-RS404 standard is used for transmis- 
sion of bytes, 10 bits are required for transmitting a 
single byte. Further, in accordance with the EIA- 
RS422 standard, the data transmission speed is 2 
megabits per second. Thus, assuming that the 
length of one IT is equal to 2 milliseconds, the 
number n of spindles that can be controlled within 
one IT is" 

(2 + 1) x 10 + 52n x 10 + (2 + 1) x 10 + 37n x 
10 = 2 000 000x0.002 (1). 

Simplifying the above equation, we obtain: 



60 + 890n = 4 000 (V) 

and hence approximately, 

5 n = 4,43 (1"). 

It can thus be concluded that up to four spin- 
dles can be controlled. 

Thus, in accordance with the above conven- 

w tional method of data transmission, it is possible to 
control up to four spindles or axles of the servo 
systems 3 or the spindle systems 4. In the case of 
the numerically controlled machine tools, this im- 
plies that the conventional method is applicable to 

75 single-spindle one-saddle lathes or single-spindle- 
head machining centers. The conventional method 
of data transmission, however, cannot be used for 
controlling machine tools including auxiliary spin- 
dles, or multi-system lathes or machining centers 

20 including a plurality of main spindles and saddles. 

Recently, the number of controlled spindles of 
numerically controlled machine tools, etc., is in- 
creasing due to the requirement for a higher level 
automation with multi-functionality, and also due to 

25 the requirement for higher performance and the 
conversion of the PLC (Programmable Logic Con- 
troller) spindles to the numerically controlled spin- 
dles. Further, in addition to the conventional serial 
data transmission, the data transmission via a sin- 

30 gle optical fiber cable is becoming a priority item, 
together with the reduction of the number of as- 
sembly steps of the machine tools, etc., the reduc- 
tion of frequency of occurrences of failures, and 
the improvements on the resistance against exter- 

35 nal noises. 

In the circumstances, the conventional serial 
data transmission method with the maximum four- 
spindle control cannot meet the above needs. The 
increase in the number of controllable spindles or 

40 axles is an urgent requirement. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to 
45 provide a data transmission method satisfying the 
conventional data transmission standards, wherein 
the amount of transmitted information and hence 
the number of controlled spindles can be in- 
creased. 

so The above object is accomplished in accor- 
dance with the principle of this invention by a data 
transmission method between information units 
connected by a transmission line for transmitting 
data including decimal numbers represented in a 

55 character representation code system, the data 
transmission method comprising the following 
steps: converting decimal numbers in the character 
representation code system into base n number 
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codes in the character representation code system, 
wherein the base n is greater than ten, the conver- 
sion from decimal numbers to base n number 
codes being effected at a transmitting unit; and 
transmitting base n number codes from the trans- 5 
mission unit to a receiving unit via the transmission 
line. Preferably, the data transmission method fur- 
ther comprises the step of restoring at the receiv- 
ing unit the decimal numbers from the base n 
number codes. Further, it is preferred that the 10 
character representation code system consists of a 
character coding system in accordance with the 
American Standard Code for Information Inter- 
change. 

The conversion is effected by means of a 75 
software logic implemented by a program, a table 
lookup method, based on a conversion table estab- 
lishing correspondence from decimal numbers to 
the base n number codes, or a stepped conversion 
table lookup method. The stepped conversion table 20 
may establish a correspondence from decimal 
numbers rounded to a closest multiple of an in- 
teger to the base n number codes corresponding to 
the rounded decimal numbers divided by the in- 
teger, wherein the integer is equal to or greater 25 
than two. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features which are believed to be char- 30 
acteristic of this invention are set forth with particu- 
larity in the appended claims. The structure and 
method of operation of this invention itself, how- 
ever, will be best understood from the following 
detailed description, taken in conjunction with the 35 
accompanying drawings, in which: 

Fig. 1 is a flowchart showing the procedure 
for data transmission from the main 
control unit 1 to the servo systems 3 
and the spindle systems 4 of Fig. 18; 40 
Fig. 2 is a flowchart showing the procedure 
for data reception at the servo sys- 
tems 3 and the spindle systems 4 of 
Fig. 18; 

Fig. 3 is a flowchart showing the procedure 45 
for data transmission from the servo 
systems 3 and the spindle systems 4 
to the main control unit 1 of Fig. 18; 

Fig. 4 is a flowchart showing the procedure 

for data reception at the main control 50 
unit 1 of Fig. 18; 

Fig. 5 is a table showing the conversion of 
the numbers represented in base 10 
into corresponding base 36 codes, 
where the rightmost column shows 55 
the seven most significant digits of 
the base 10 numbers and the head 
row shows the least significant digit 



thereof; 

Fig. 6 is a table showing the corlversion of 
the numbers represented in base 36 
into corresponding decimal numbers, 
where the rightmost column shows 
the five most significant digits of the 
base 36 code numbers and the head 
row shows the least significant digit 
thereof; 

Fig. 7 shows a stepped conversion table for 
converting the six-digit base 10 num- 
bers into base 36 codes stepped by 
two, where the rightmost column 
shows the five most significant digits 
of the base 10 numbers and the 
head row shows the least significant 
digit thereof; 

Fig. 8 shows a reverse stepped conversion 
table for restoring the stepped base 
36 codes, as obtained using the ta- 
ble of Fig. 7, into corresponding six- 
digit decimal numbers stepped by 
two, where the rightmost column 
shows the two most significant digits 
of the base 36 code numbers and 
the head row shows the least signifi- 
cant digits thereof; 

Fig. 9 is a table comparing the fixed block 
data transmission formats in accor- 
dance with the base 10 (the left col- 
umn) number coding and the base 
36 codings (the right column) be- 
tween the main control unit 1 and the 
servo systems 3 or the spindle sys- 
tems 4 of Fig. 18; 

Fig. 10 is a conversion table from decimally 
coded base 36 numbers to base 36 
code digits; 

Fig. 11 is a conversion table from the base 
36 code digits to decimally coded 
base 36 numbers; 

Fig. 12 is a diagram showing the data for- 
mats for the received and the trans- 
mitted data in which the internal label 
elements are eliminated; 

Fig. 13 is a diagram showing the data for- 
mats of the received and transmitted 
data in which the internal label ele- 
ments and stop elements are elimi- 
nated; 

Fig. 14 is a diagram showing the data for- 
mats of the received and transmitted 
data similar to Fig. 13, in which, how- 
ever, the data items are further com- 
pressed; 

Fig. 15 is a diagram showing the format of 
the data received and transmitted 
within a predetermined interval of 
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control time utilizing the data formats 
of Fig. 14; 

Fig. 16 is a diagram showing the system 
centered around a master FA com- 
puter with subordinate cell control- 
lers, to which the various subordinate 
systems are linked; 

Fig. 17 is a diagram showing the system 
similar to that of Fig. 16, from which, 
however, the cell controllers are dis- 
pensed with; 

Fig. 18 is a block diagram showing the or- 
ganization of an automated factory 
system; 

Fig. 19 is a diagram showing the data for- 
mats of the information transmitted 
between the main control unit and 
the terminals; and 

Fig. 20 is a diagram showing the data re- 
ceived and transmitted within a pre- 
determined interval of control time 
(IT). 

In the drawings, same reference numerals re- 
present the same or corresponding parts or por- 
tions. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the accompanying drawings, 
the preferred embodiments of this invention are 
described. 

Fig. 9 is a table comparing the fixed block data 
transmission formats in accordance with the base 
10 (the left column) number coding and the base 
36 codings (the right column) between the main 
control unit 1 and the servo systems 3 or the 
spindle systems 4 of Fig. 18. The maximum value 
of the position data (a) is represented in an eight 
digit number 99999999 in base 10. Thus, to repre- 
sent the position data in decimal (base 10), eight 
(8) bytes are required. By dividing the maximum 
data 99999999 by 36 successively and obtaining 
the successive remainders, the decimally coded 
hexatrigintal (base 36) number can be obtained. 
Thus, the maximum data value can be represented 
in decimally coded hexatrigintal (base 36) in six 
blocks: [1] [23] [19] [12] [17] [27] (decimally coded 
base 36). The same is represented as 1NJCHR in 
base 36 code, where the numbers 10 through 35 
are represented by letters A through Z as shown in 
Fig. 10. Thus, the position data represented by 
base 36 can be compressed into six bytes. 

Similarly, the maximum value of the speed 
data (b) is represented by a six digit decimal 
number 999999 (base 10). Thus, to represent the 
speed data in decimal, six (6) bytes are required. 
The same maximum can be represented in deci- 



mally coded hexatrigintal (base 36) in four blocks: 
[21] [15] [21] [27] (decimally coded base 36). The 
same maximum is represented as LFLR in base 36 
code, which is thus couched in four bytes. 

5 The maximum values of the first control data 

(c) and the second control data (d) are each repre- 
sented by a single digit decimal number 9 (base 
10). Thus, the two data items, each ranging from 0 
to 9 (base 10), are combined into a single data 

10 item with a common label. The value of the result- 
ing combined control data ranges from 0 to 19 
(base 10). 

Then, the maximum value of the combined 
data can be represented in decimally coded hex- 
75 atrigintal (base 36) in one block: [19] (decimally 
coded base 36). The same maximum is repre- 
sented by a single byte in base 36 code: J (base 
36). 

The maximum value of the first gain signal (e) 
20 is represented by a five digit decimal number 
99999 (base 10). Thus, to represent the first gain 
signal in decimal, five (5) bytes are required. The 
maximum value can be represented in decimally 
coded hexatrigintal (base 36) in four blocks: [2] [5] 
25 [5] [27] (decimally coded base 36). The same 
maximum is represented as 255R (base 36) in 
base 36 code, which can thus be couched in four 
bytes. Similarly, the maximum value of the second 
gain signal (f) is represented by a three digit deci- 
30 mal number 999 (base 10). Thus, to represent the 
second gain signal in decimal, three (3) bytes are 
required. The maximum value can be represented 
in decimally coded hexatrigintal (base 36) in two 
blocks: [27] [27] (decimally coded base 36). The 
35 same maximum is represented as RR (base 36) in 
base 36 code, which can be couched in two bytes. 

Further, the maximum value of the position 
feedback data (g) is represented by an eight digit 
decimal number 99999999 (base 10). Thus, to re- 
40 present the position feedback data in decimal, 
eight (8) bytes are required. The maximum value 
can be represented in decimally coded hexatrigin- 
tal (base 36) in six blocks: [1] [23] [29] [12] [17] 
[27] (decimally coded base 36). The same maxi- 
45 mum is represented as 1NJCHR (base 36) in base 
36 code, which can be couched in six bytes. 

Similarly, the maximum value of the speed 
feedback data (h) is represented by a six digit 
decimal number 999999 (base 10). Thus, to repre- 
50 sent the speed feedback data in decimal, six (6) 
bytes are required. The maximum value can be 
represented in decimally coded hexatrigintal (base 
36) in four blocks: [21] [15] [21] [27] (decimally 
coded base 36). The same maximum is repre- 
ss sented as LFLR (base 36) in base 36 code, which 
can be couched in four bytes. 

The maximum value of the load feedback data 
(i) is represented by a four digit decimal number 
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9999 (base 10). Thus, to represent the load feed- 
back data in decimal, four (4) bytes are required. 
The maximum value can be represented in deci- 
mally coded hexatrigintal (base 36) jn three blocks: 
[7] [25] [27] (decimally coded base 36). The same 
maximum is represented as 7PR (base 36) in base 
36 code, which can be couched in three bytes. 

The maximum value of the alarm signal (i) is 
represented by a three digit decimal number 999 
(base 10). Thus, to represent the alarm signal in 
decimal, three (3) bytes are required. The maxi- 
mum value can be represented in decimally coded 
hexatrigintal (base 36) in two blocks: [27] [27] 
(decimally coded base 36). The same maximum is 
represented as RR (base 36) in base 36 code, 
which can be couched in two bytes. 

Thus, utilizing the base 36 code, the data re- 
ceived at the servo systems 3 or the spindle sys- 
tems 4 (see Fig. 18) can be compressed into 17 
bytes, compared to 24 bytes for base 10. Further, 
the label and the end element for the control data 
are shared. Thus, the total number of bytes of 
received data including the label and the end ele- 
ments for respective data items, which amounted 
to 52 bytes in the case of base 10 (see Fig. 19), 
can be compressed into 41 bytes by adopting the 
base 36 code. Similarly, the data transmitted from 
the servo systems 3 or the spindle systems 4 are 
compressed into 15 bytes in base 36, compared to 
21 bytes for base 10. Thus, the total number of 
bytes of transmitted data including the label and 
the end elements for respective data items are 
reduced to 31 bytes, compared to 37 for the base 
10 (see Fig. 19). Consequently, when the informa- 
tion is transmitted by the base 36 coding, the 
number n of spindles or axles that can be con- 
trolled within one IT (predetermined interval of con- 
trol time) is: 

(2 + 1) x 10 + 41n x 10 + (2 + 1) x 10 + 31n x 
10 = 2 000 000x0,002 (2). 



Simplifying the above equation, we obtain: 
60 + 720n = 4000 (2') 
and hence approximately, 
n = 5,42 (2"). 

Thus, up to five spindles can be controlled. 

In the above discussion, the information is 
transmitted in a fixed block data format with a label 
for each one of the data items. Fig. 12 is a diagram 
showing the data formats for the received and the 
transmitted data in which the internal label ele- 
ments are eliminated. Namely, in the case of the 



data received at the servo systems 3 or the spindle 
systems 4 of Fig. 18, the labels are eliminated 
except at the head of the position data. The re- 
ceived data are thereby compressed by 16 bytes. 

5 In the case of the data transmitted from the servo 
systems 3 or the spindle systems 4, the labels are 
eliminated except at the head of the position feed- 
back data. The transmitted data are thereby com- 
pressed by 9 bytes. 

io Then, the number n of spindles or axles that 

can be controlled within one IT (predetermined 
interval of control time) is: 

(2 + 1) x 10 + 25n x 10 + (2 + 1) x 10 + 22n x 
75 10 = 2 000 000 x 0,002 (3). 

Simplifying the above equation, we obtain: 

60 + 470n = 4 000 (3') 

20 

and hence approximately, 
n = 8,38 (3"). 

25 Thus, up to eight spindles can be controlled. 

Fig. 13 is a diagram showing the data formats 
of the received and transmitted data in which the 
internal label elements and stop elements are 
eliminated. Namely, in addition to the internal label 

30 elements, the internal stop elements are eliminated 
except at the tail of the second gain signal and the 
alarm signal for the data received at and transmit- 
ted from the servo systems 3 or the spindle sys- 
tems 4 of Fig. 18, respectively. Then, the received 

35 and the transmitted data can be compressed by 
four and three bytes, respectively. Then, the num- 
ber n of spindles or axles that can be controlled 
within one IT (predetermined interval of control 
time) is: 

40 

(2 + 1) x 10 + 21n x 10 + (2 + 1) x 10 + 19n x 
10 = 2 000 000x0,002 (4). 

Simplifying the above equation, we obtain: 

45 

60 + 400n = 4 000 (4') 

and hence approximately. 

50 n = 9,85 (4"). 

Thus, up to nine spindles can be controlled. 
Fig. 14 is a diagram showing the data formats 
of the received and transmitted data similar to Fig. 
55 13, in which, however, the data items are further 
compressed. It is sometimes the case that the 
values for the speed data, the gain signal, the 
speed feedback data, etc., do not range from 0 to 
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the maximum value as specified in Fig. 9, and 
hence the number of bytes required for represent- 
ing the respective data items can be reduced. In 
addition, the data items may be abridged. For 
example, for those data items for which the fine 
resolution is not necessary (for example, for the 
speed data, the speed feedback data, the load 
feedback data, etc.), the data values may be round- 
ed, for example, to the closest multiple of 2: 0. 2, 
4, 6, 8, .... 2m, which are numbers stepped by two. 

Then, by dividing these numbers by two, the 
maximum data values can be reduced to one half. 
Further, for those data items, such as the gain 
signal, for which the range of the utilized values is 
limited depending on the machine involved, the 
number of distinct data frames may practically be 
limited, for example, to 1000 without adverse ef- 
fects. Then, the numbers of bytes required to re- 
present such data items can be reduced further 
than the values shown in Fig. 9. With the above 
abridgments or compression of data items, the data 
received and transmitted at the servo systems 3 
and the spindle systems 4 of Fig. 18 may further 
be compressed by two and four bytes, respec- 
tively. 

Then, the number n of spindles or axles that 
can be controlled within one IT (predetermined 
interval of control time) is: 

(2 + 1) x 10 + 19n x 10 + (2 + 1) x 10 + 17n x 
10 = 2 000 000x0,002 (5). 

Simplifying the above equation, we obtain: 

60 + 360n = 4 000 (5') 

and hence approximately, 

n = 10,94 (5"). 

Thus, up to ten spindles can be controlled. 

Fig. 15 is a diagram showing the format of the 
data received and transmitted within a predeter- 
mined interval of control time utilizing the data 
formats of Fig. 14. 

Next, referring to Figs. 1 through 4, the proce- 
dures the data transmission and data compression 
is described. Fig. 1 is a flowchart showing the 
procedure for data transmission from the main con- 
trol unit 1 to the servo systems 3 and the spindle 
systems 4 of Fig. 18. Fig. 2 is a flowchart showing 
the procedure for data reception at the servo sys- 
tems 3 and the spindle systems 4 of Fig. 18. Fig. 3 
is a flowchart showing the procedure for data trans- 
mission from the servo systems 3 and the spindle 
systems 4 to the main control unit 1 of Fig. 18. Fig. 
4 is a flowchart showing the procedure for data 
reception at the main control unit 1 of Fig. 18. 



In Fig. 1, the procedure at the main control unit 
1 is started at step S1. At step S2, it is judged 
whether or not it is at the IT start timing. If the 
judgment is affirmative at step S2, the execution 

5 proceeds to step S3. Otherwise, the execution sits 
in a waiting loop until the IT start timing arrives. At 
step S3, the data and parameters are read out from 
the memory 102 in which the transmitted data and 
parameters are stored. At step S4, the number of 

w controlled spindle n is initialized to one (n = 1), 
and the execution pToceeds to step S5. 

At step S5. it is judged whether or not the data 
remain for the current IT. If there remain data, the 
execution proceeds to step S6. (When, after sev- 

75 era! execution cycles of the following steps S6 
through S14, the judgment at step S5 becomes 
negative, the execution proceeds to step S15, as 
described below.) At step S6, it is judged whether 
or not the data remain for the nth spindle. If the 

20 judgment is negative at step S6 (that is, if no data 
remain for the nth spindle), the execution returns to 
step S6 after incrementing the number n at step 
S7. On the other hand, if the judgment is affir- 
mative at step S6, the execution proceeds to step 

25 S8. 

At step S8, it is judged whether a data table is 
available for converting the current data element. 
When a data table exists, the data item is pro- 
cessed by the data table lookup process; otherwise 
30 it is processed by the software logic implemented 
by a program. In the first execution cycle, it is 
judged whether or not a data table exists for the 
first data element (the position data in the case of 
this embodiment) for the first spindle. When the 
35 data table exists, the execution proceeds to step 
S9. Otherwise, the execution proceeds to step S10. 

At step S10, the decimal (base 10) numbers 
are first converted into decimally coded base 36 
numbers by means of, for example, the well known 
40 division algorithm implemented by a program. 
Namely, the numbers are repeatedly divided by 36 
by means of a program until the dividend becomes 
less than 36, and the successive remainders are 
obtained. These remainders arranged in reverse 
45 order (such that the first obtained remainder, repre- 
senting the least significant digit, appears at the 
tail) represent the decimally coded base 36 num- 
bers. The decimally coded base 36 numbers thus 
obtained are then converted into base 36 numbers, 
50 utilizing the correspondence of the decimally cod- 
ed base 36 digits to the base 36 codes are shown 
in Fig. 10. 

At step S9, it is judged whether or not a 
stepped data table for data compression exists. If 
55 the judgment is affirmative the execution proceeds 
to step S12. Otherwise, the execution proceeds to 
step S11. 
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At step S11, the data values represented in 
base 10 are converted into corresponding base 36 
codes by means of a conversion table lookup. Fig. 
5 is a table showing the conversion of the numbers 
represented in base 10 into corresponding base 36 
codes, where the rightmost column shohs the sev- 
en most significant digits of the base 10 numbers 
and the head row shows the least significant digit 
thereof. The numbers in base 36 code are shown 
in respective entries. Thus, the numbers repre- 
sented in base 10 can be converted into cor- 
responding base 36 codes by means of the con- 
version table of Fig. 5. For example, the base 36 
code 47 (base 36) corresponding to the number 
151 (base 10) can be retrieved from the entry at 
the intersection of the row at the most significant 
digit 0000015 (base 10) and the column at the least 
significant digit 1 (base 10). 

Due to the hardware limitations for the memory 
organization of the main control unit 1 of Fig. 18, it 
may be difficult to implement the data table in a 
tabular form as shown Fig. 5. Then, the data table 
can be stored in a memory in the form of a linear 
array as follows. Assuming that the top address of 
the data table is 10000, the respective entries of 
the data table are stored at addresses in ascending 
order. For example, the base 36 code 47 (base 36) 
corresponding to the number 151 (base 10), is 
stored at the address: 

10 000 + 151 = 10 151 (base 10). 

Then, by reading out the data item stored at 
10151, the hexatrigintal code 47 (base 36) can be 
retrieved. Similarly, any hexatrigintal code corre- 
sponding to a decimal number can be retrieved by 
reading out the address which is obtained by add- 
ing the decimal number to the start address of the 
data table. 

At step S12, on the other hand, the values of 
the data represented in base 10 are converted into 
corresponding base 36 codes by means of a 
stepped data table for the compression of the data. 
Fig. 7 shows a stepped conversion table for con- 
verting the six-digit base 10 numbers into base 36 
codes stepped by two, where the rightmost column 
shows the five most significant digits of the base 
10 numbers and the head row shows the least 
significant digit thereof. The respective entries re- 
present the base 36 codes corresponding to the 
base 10 numbers. These base 36 codes are ob- 
tained as follows. First, the base 10 numbers are 
rounded to an even number namely, the base 10 
numbers are divided by two and the resulting 
quotients are rounded. Next, each rounded quotient 
in base 10 is successively divided by 36, thereby 
obtaining successive remainders. These remain- 
ders arranged in reverse order represent the deci- 



mally coded base 36 number corresponding to the 
rounded quotient. Thus, the decimally coded base 
36 number is further converted into corresponding 
the base 36 code. At step S12, the base 10 num- 

5 bers are converted into the corresponding base 36 
codes by the table lookup process using the table 
of Fig. 7. Thus, the number 21 (base 10), for 
example, is converted into B (base 36). 

In the case of the stepped data table of Fig. 7, 

70 the numbers are stepped by two. If a higher com- 
pression of data is desired, the numbers stepped 
by three or more may be used. On the other hand, 
if the characteristic of the value of data item be- 
comes non-linear, or a higher resolution is desired 

75 in a certain region of the data value, the correspon- 
dence from the base 10 numbers to the base 36 
codes may be modified in such a region, to secure, 
for example, the one-to-one correspondence there- 
in. 

20 After the steps S10, S11, and S12, the execu- 
tion proceeds to step S13, where the transmission 
data is formatted. Namely, the label element and 
the stop element are added to the head and the tail 
of the data item. As described above by reference 
25 to Figs. 12 and 13, the internal labels and the stop 
elements may be abridged. After step S13, the 
execution proceeds to step S14, where the for- 
matted data items for the current spindle n are 
stored in the buffer within the memory 102. There- 
30 after, the execution returns to step S6 to repeat the 
steps S6 through S14 until all the data items for the 
current spindle n are processed and stored in the 
memory 102. 

When it is judged at step S6 that the data for 
35 the current spindle n (the first spindle in the case 
of the first execution cycle of steps S6 through 
S14), the number n representing the current spin- 
dle is incremented^ step S7, and the execution 
returns to step S5, where it is judged whether or 
40 not the data items for the current IT remain. When 
the judgment is affirmative at step S5, the execu- 
tion cycle of steps S6 through S14 is repeated for 
the spindle n. 

When if is finally judged at step S5 that no 
45 data items remain for the current IT, the execution 
proceeds to step S15, where the data formatted 
and stored in the buffer within the memory 102 are 
transmitted to the servo systems 3 or the spindle 
systems 4, in synchronism with the transmission 
50 timings. Thereafter, the n is reset (n = 0), and the 
execution returns to step S2 where the start timing 
of the next IT is waited. Thus, the procedure of the 
steps S2 through S15 is repeated at the main 
control unit 1 for each IT interval. 
55 Fig. 2 is a flowchart showing the procedure for 

data reception at the servo systems 3 and the 
spindle systems 4 of Fig. 18. At step S16, the data 
and parameters for the respective spindles trans- 
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mitted from the main control unit 1 via the optical 
fiber cable 6 are stored in the buffer within the 
memory 302 of the servo systems 3 or the mem- 
ory 402 of the spindle systems 4. At step S17, the 
servo systems 3 or the spindle systems 4 read out 
the data after the label element for the respective 
spindles, and judge whether or not the unproces- 
sed data remain within the buffer. If there remain 
data, the execution proceeds to the next step S18. 
Otherwise, the execution proceeds to step S26, 
where the start timing of the next IT is waited for. 

At step S18, the data and parameters situated 
after the label are read out from the buffer within 
the memory 302 or 402. At step S19, it is judged 
whether a data table is available for converting the 
current data element. When a data table exists, the 
data item is processed by the data table lookup 
process; otherwise it is processed by the software 
logic implemented by a program. When the data 
table exists, the execution proceeds to step S20. 
Otherwise, the execution proceeds to step S21. 

At step S21, the base 36 number codes are 
returned to corresponding decimal (base 10) num- 
bers by means of a program. This is the inverse 
process of the conversion at step S10 in Fig 1. 
Thus, for example, the maximum value of the posi- 
tion data: 1NJCHR (base 36) may be restored to a 
corresponding decimal number as follows: First, 
each digit (1 through Z) of the base 36 code is 
represented by corresponding decimally coded 
base 10 numbers. Fig. 11 is a conversion table 
from the base 36 code digits to decimally coded 
base 36 numbers. Thus, the above code 1NJCHR 
in base 36 is converted into decimally coded base 
36 number: [1] [23] [19] [12] [17] [27]. Further, the 
corresponding decimal number is obtained from 
the decimally coded base 36 representation as 
follows: 

1 x 36 s + 23 x 36 4 + 19 x 36 3 + 12 x 36 2 + 17 x 
36 1 + 27 x 36° = 60 466 176 + 38 631 168 + 
886 464 + 11 552 + 612 + 27 = 99 999 
999 (base10). 

At step S20, it is judged whether or not a 
stepped data table for data compression exists. If 
the judgment is affirmative the execution proceeds 
to step S23. Otherwise, the execution proceeds to 
step S22. At step S22 t the data values represented 
in base 36 code are converted into corresponding 
base 10 numbers by means of a conversion table 
lookup. Fig. 6 is a table showing the conversion of 
the numbers represented in base 36 into corre- 
sponding decimal numbers, where the rightmost 
column shows the five most significant digits of the 
base 36 code numbers and the head row shows 
the least significant digit thereof. The correspond- 
ing decimal numbers are showrl in respective en- 



tries. Thus, the numbers represented in base 36 
can be converted into corresponding decimal num- 
bers by means of the conversion table of Fig. 6. 
For example, the decimal number 151 correspond- 
5 ing to the code 000047 (base 36) can be retrieved 
from the entry of the conversion table at the inter- 
section of the row at the five most significant digits 
00004 (base 36) and the column at the least signifi- 
cant digit 7 (base 36). The conversion table of Fig. 
w 6 may be implemented as a linear array as in the 
case of the table of Fig. 5. 

At step S23, on the other hand, the values of 
the data represented in base 36, which are ob- 
tained on the basis of the stepped conversion from 
t5 base 10 numbers at step S12 in Fig. 1, are re- 
stored to corresponding base 10 codes by means 
of a reverse stepped data table. Fig. 8 shows a 
reverse stepped conversion table for restoring the 
stepped base 36 codes, as obtained using the 
20 table of Fig. 7, into corresponding six-digit decimal 
numbers stepped by two, where the rightmost col- 
umn shows the two most significant digits of the 
base 36 code numbers and the head row shows 
the least significant digits thereof. The respective 
25 entries of the table represent the decimal numbers 
corresponding to the base 36 codes. Thus, the 
hexatrigintal code B (base 36), for example, is 
converted into corresponding decimal number 22 
(base 10) by the table lookup of the entry at the 
30 intersection of the row at the most significant digit 
00 and the column at the least significant digit B. It 
is noted that the stepped conversion tables (e. g. 
the table of Rg. 7) within the main control unit 1 for 
converting the base 10 numbers into base 36 
35 codes and the reverse stepped conversion tables 
(e. g. the table of Rg. 8) within the servo systems 3 
or the spindle systems 4 for restoring the base 36 
codes to the base 10 numbers are paired, such 
that the data values that are first converted into 
40 compressed base 36 codes by means of stepped 
conversion tables and then are transmitted in the 
compressed base 36 codes from the main control 
unit 1 are restored to the original decimal values by 
the reverse table lookup conversion at the servo 
45 systems 3 or the spindle systems 4. 

After the steps S21, S22 and S23, the execu- 
tion proceeds to step S24, where the received data 
are formatted. When the label and/or end elements 
are abridged at the side of the main control unit 1 
so before transmission, the necessary labels and/or 
end elements are added in accordance with the 
values of the associated parameters, to obtain the 
predetermined data formats. By the way, the for- 
matting of the received data may be effected im- 
55 mediately after step S16 instead of after the data 
conversion steps S21 through S23. 

Next at step S25, the formatted data items are 
stored in the buffer within the memory 302 or 402. 
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Thereafter, the execution returns to step S17 to 
repeat the steps S18 through S25 until all the data 
items for the current IT are processed and stored 
in the buffer memory. When the judgment at step 
S17 finally becomes negative (i. e. all the received 5 
data for the current IT are processed), the execu- 
tion proceeds to step S26 where the start timing of 
the next IT is waited for. When the start timing of 
the next IT arrives, the execution returns to step 
S16 to repeat the steps S17 through S26. When io 
the respective servo systems 3 or spindle systems 
4 need the received data, the necessary data are 
read out from the buffer in the memory 302 or 402 
in which the data have been stored at step S25. 

Each time the data at the respective spindles J5 
or axles are sampled and the calculations thereon 
within the servo systems 3 or the spindle systems 
4 are finished, the obtained data are stored in the 
memory 302 or 402. The data are thence transmit- 
ted to the main oontrol unit 1 within the respective 20 
ITs. Next, the method of data conversion and trans- 
mission from the servo systems 3 and the spindle 
systems 4 to the main control unit 1 is described 
with reference to Figs. 3 and 4. 

Fig. 3 is a flowchart showing the procedure for 25 
data transmission from the servo systems 3 and 
the spindle systems 4 to the main control unit 1 of 
Fig. 18. In Fig. 3, the procedure at the servo 
systems 3 or the spindle systems 4 is started at 
step S30. At step S31 , it is judged whether or not it 30 
is at an IT start timing. If the judgment is affir- 
mative at step S31 , the execution proceeds to step 
S32. Otherwise, the execution sits in a waiting loop 
until the IT start timing arrives. At step S32, the 
data and parameters are read out from the memory 35 
302 or 402 in which the transmitted data and 
parameters are stored. 

At step S33, it is judged whether or not the 
data remain for the current IT. If there remain data, 
the execution proceeds to step S34, where it is 40 
judged whether a data table is available for con- 
verting the current data element When a conver- 
sion data table exists, the data item is processed 
by the data table lookup process; otherwise it is 
processed by the software logic implemented by a 45 
program. 

If the judgment is affirmative at step S34, the 
execution proceeds to step S36, where the decimal 
(base 10) numbers are converted into correspond- 
ing base 36 numbers by means of a program 50 
implementing the software logic. The method of 
conversion is similar to that at step S10 in Fig. 1. 

At step S35, it is judged whether or not a 
stepped conversion data table for data compres- 
sion exists. If the judgment is affirmative the execu- 55 
tion proceeds to step S38. Otherwise, the execu- 
tion proceeds to step S37. At step S37, the data 
values represented in base 10 are converted into 
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corresponding base 36 codes by means of a con- 
version table lookup. This conversion is similar to 
that at step S1 1 of Fig. 1 described above. At step 
S38, on the other hand, the values of the data 
represented in base 10 are converted into cor- 
responding base 36 codes by means of a stepped 
data table for the compression of the data. The 
stepped conversion of the base 10 numbers into 
corresponding compressed base 36 codes is simi- 
lar to that at step S12 of Fig. 1. 

After the conversion steps S36, S37, and S38, 
the execution proceeds to step S39, where the 
transmission data are formatted in a manner similar 
to that at step S13 of Fig. 1. 

Further at step S40, the formatted data items 
are stored in the buffer within the memory 302 or 
402. Thereafter, the execution returns to step S33 
to repeat the steps S33 through S40 until all the 
data items for the current IT are processed and 
stored in the memory 302 or 402. 

When it is judged at step S33 that no data 
items remain for the current IT, the execution pro- 
ceeds to step S41 , where the data formatted and 
stored in the buffer within the memory 302 or 402 
are transmitted to the main control unit 1 in syn- 
chronism with the transmission timings. Thereafter, 
the execution returns to step S31 where the start 
timing of the next IT is waited for. Thus, the proce- 
dure of the steps S31 through S41 is repeated for 
each IT interval. 

Fig. 4 is a flowchart showing the procedure for 
data reception at the main control unit 1 of Fig. 18. 
At step S42, the groups of data transmitted via the 
servo systems 3 are stored in the buffer within the 
memory 102 of the main control unit 1 correspond- 
ing to respective spindles. 

First at step S43, the current number n of 
spindle is initialized to one (n = 1). At step S44, it 
is judged whether or not the data remain for the 
current IT. If there remain data, the execution pro- 
ceeds to step S45. At step S45, it is judged wheth- 
er or not the data remain for the nth spindle. If the 
judgment is negative at step S45 (that is, if no data 
remain for the nth spindle), the execution returns to 
step S44 after incrementing the number n at step 
S46. On the other hand, if the judgment is affir- 
mative at step S45, the execution proceeds to step 
S47. 

At step S47, it is judged whether a data table is 
available for converting the current data element. 
When a data table exists, the data item is pro- 
cessed by the data table lookup process; otherwise 
it is processed by the software logic implemented 
by a program. When the data table exists, the 
execution proceeds to step S48. Otherwise, the 
execution proceeds to step S49. At step S49, the 
decimal (base 10) numbers are converted into base 
36 numbers by means of a program. The conver- 
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sion method is similar to that at step S21 in Fig. 2. 
At step S48, it is judged whether or not a stepped 
data table for data compression exists. If the judg- 
ment is affirmative the execution proceeds to step 
S51. Otherwise, the execution proceeds to step 
S50. At step S50, the data values represented in 
base 10 are converted into corresponding base 36 
codes by means of a conversion table lookup. This 
table lookup step is similar to that at step S22 in 
Fig. 2. At step S51, on the other hand, the values 
of the data represented in base 10 are converted 
into corresponding base 36 codes by means of a 
stepped data table for the compression of the data. 
This conversion is similar to that at step S23 in Fig. 
2. 

After the steps S49, S50, and S51, the execu- 
tion proceeds to step S52, where the transmission 
data is formatted in a manner similar to that at step 
S24. After step S52, the execution proceeds to 
step S53, where the formatted data items for the 
current spindle n are stored in the buffer within 
memory 302 or 402. Thereafter, the execution re- 
turns to step S45 to repeat the steps S47 through 
S53 until all the data items for the current spindle n 
are processed and stored in the memory 302 or 
402. 

When it is judged at step S45 that no data 
remain for the current spindle n any longer, the 
number n representing the current spindle is incre- 
mented It step S46, and the execution returns to 
step S44, where it is judged whether or not the 
data items for the current IT remain. When the 
judgment is affirmative at step S44, the execution 
cycle of steps S44 through S53 is repeated. When 
it is finally judged at step S44 that no data items 
remain for the current IT, the execution proceeds to 
step S54, where the data formatted and stored in 
the buffer within the memory 302 or 402 are trans- 
mitted to the main control unit 1, in synchronism 
with the transmission timings. Thereafter, the ex- 
ecution returns to step S42, to repeat the proce- 
dure as described above. 

By the way, it should be noted that the judg- 
ments at step S8 and step S9 in Fig. 1, at step S19 
and step S20 in Fig. 2, at step S34 and step S35 in 
Fig. 3, and at step S47 and step S48 in Fig. 4, may 
be effected on the basis of the values of the 
parameters associated and transmitted with respec- 
tive data items. The values of the parameters in- 
dicate whether the conversion is to be effected by 
means of the software logic, the simple conversion 
table lookup, or the stepped conversion table 
lookup method. Further, the judgment whether the 
label elements and the end elements are to be 
attached to or abridged for the respective data 
elements may be effected on the basis of the 
values of parameters associated therewith. 



Then, the judgment at step S13 in Fig. 1, for 
example, whether or not the label and the end 
elements are to be added or abridged is effected in 
accordance with the values of the parameter. Fur- 
5 ther, the judgment at step S24 in Fig. 2, for exam- 
ple, whether the addition of label and/or end ele- 
ments to the respective data items is necessary 
(that is, whether the label and/or the end elements 
have been abridged at the transmitting side and 
10 hence should be added at the receiving side) is 
effected on the basis of the values of the param- 
eter associated with the respective data items. 

In accordance with this embodiment, up to ten 
spindles or axles can be controlled within one IT. 
75 Further, there remains an allowance or margin of 
340 bits within each IT even when the maximum 
number of spindles (i.e., ten spindles) are con- 
trolled. Thus, the parameters for the servo and the 
main spindles may be transmitted for the spindles 
20 according to the need thereof in the margin time 
interval of each IT. 

In the case of the above embodiment, the data 
are transmitted and received through a single op- 
tical fiber cable. This invention, however, is also 
25 applicable to data transmission via RS232C. Fur- 
ther, although the above embodiment relates to 
serial data transmission, this invention is applicable 
to parallel data transmission, too. Furthermore, in 
the. case of the above embodiment, the decimal 
30 values are compressed into base 36 codes. How- 
ever, the same advantage of data compression is 
obtained by converting the decimal numbers into 
any number system for which the base is greater 
than ten. In accordance with the EIA standard by 
35 which one byte consists of ten bits (10 bits/byte), 
the base 128 (= 2 7 ) and the base 256 (= 2 s ) 
number code systems are the upper limits of bases 
of the number system. If, however, other standards 
are adopted, the number code systems whose 
40 base exceeds 256 may be adopted for implement- 
ing this invention. 

Furthermore, in the case of the above embodi- 
ment, the data are processed for each IT. However, 
when the processing speed of the terminals is 
45 slow, the data for two ITs may be processed and 
transmitted from the main control unit 1 within a 
single IT. In the case of the above embodiment, the 
data conversion, etc., is effected primarily by soft- 
ware. However, the same procedure may be imple- 
50 mented partially by hardware based on firmware, or 
wholly by hardware. In addition, in the case of the 
above embodiment, within the transmitted informa- 
tion, only the data element portions are com- 
pressed. The same compression technique, how- 
55 ever, can be applied to label elements, too. The 
label elements can be compressed easily by 
means of a data table lookup method. 
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Furthermore, this invention is applicable to data 
communications within an FA (factory automation) 
system. Fig. 16 is a diagram showing the system 
centered around a master FA computer with subor- 
dinate cell controllers, to which the various subordi- 
nate systems are linked. Fig. 17 is a diagram 
showing the system similar to that of Fig. 16, from 
which, however, the cell controllers are dispensed 
with. In Fig. 16, for example, the data is transmitted 
to and from the FA computer 1000, via the trans- 
mission lines 1100, 1200-1 through 1200-3 and the 
subordinate cell controllers 1020, from and to the 
further subordinate device groups such as the nu- 
merically controlled devices 1030, automatic store- 
house controllers 1040, PLC groups 1050, trans- 
portation devices controllers 1060, measurement 
device controllers 1070, and factory management 
terminals 1080. The data transmission may also 
occur among the subordinate systems, and to and 
from the CAD/CAM system 1100. The data trans- 
mission in the system of Fig. 17 is similar to that of 
the system of Fig. 16. 

In the case of the systems of Fig. 16 and 17, 
the decimal number data represented in a char- 
acter representation code system such as the AS- 
CII code may be converted into corresponding 
higher base number codes (e. g. the base 36 
codes) represented in the same ASCII code sys- 
tem before transmission and restored to the origi- 
nal decimal values after reception, such that the 
data are transmitted in compressed form. The prin- 
ciple of data compression is the same as in the 
case of the above embodiment. It goes without 
saying that the data compression principle accord- 
ing to this invention is applicable to the data trans- 
mission between the main control unit 1 and the 
display system 2 in the system of Fig. 18. Further, 
the same principle is applicable to computer sys- 
tems including those based on personal comput- 
ers. 

By the way, it should be noted that the method 
of conversion and restoration of the decimal num- 
ber values may be selected in accordance with the 
system requirements. Generally, the implementa- 
tion of software logic requires less memory capac- 
ity than that by the table lookup. On the other 
hand, the table lookup method requires less time. 
The tradeoff must be evaluated to select and com- 
bine the two methods to balance the performance 
and the cost. 

Claims 

1. A data transmission method between informa- 
tion units (1 , 2, 3, 4) connected by a transmis- 
sion line (5, 6) for transmitting data including 
decimal numbers represented in a character 
representation code system, the data transmis- 



sion method comprising the following steps: 
- converting decimal numbers in the char- 
acter representation code system into 
base n number codes in the character 

5 representation code system, wherein the 

base n is greater than ten, the conver- 
sion f?om decimal numbers to base n 
number codes being effected at a trans- 
mitting unit; and 

io - transmitting base n number codes from 

the transmission unit to a receiving unit 
via the transmission line. 

2. The method as claimed in claim 1 , 
75 further comprising the following step: 

restoring at the receiving unit the decimal 
numbers from the base n number codes. 

3. The method as claimed in claim 1 or 2, 

20 wherein the character representation code sys- 

tem consists of a character coding system in 
accordance with American Standard Code for 
Information Interchange. 

25 4. The method as claimed in any of claims 1 to 3, 
wherein the information units (1, 2, 3, 4) com- 
prise a main control unit (1) and terminals (2, 
3, 4) within an automated factory system con- 
nected at least by one communication line (5, 

30 6), the terminals (2, 3, 4) including numerically 

controlled devices. 

5. The method as claimed in claim 4, 

wherein the main control unit (1) and the termi- 
35 nals (2, 3, 4) are provided with respective 

memories (102, 202, 302, 402). 

6. The method as claimed in any of claims 1 to 5, 
wherein the information units (1 , 2, 3, 4) com- 

40 prise: a main computer, a CAD/CAM system, 

cell controllers, and terminal device groups 
within an automated factory system connected 
by at least one communication line. 

45 7. The method as claimed in any of claims 1 to 6, 
wherein the conversion is effected by means 
of a software logic implemented by a program. 

a The method as claimed in any of claims 1 to 6, 
so wherein the conversion is effected by means 

of a table lookup method, based on a conver- 
sion table establishing correspondence from 
decimal numbers to the base n number codes. 

55 9. The method as claimed in any of claims 1 to 6, 
wherein the conversion is effected by means 
of a stepped conversion table lookup method. 
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10. The method as claimed in any of claims 1 to 9, 
wherein a method of conversion from the deci- 
mal numbers to the base n number codes is 
selected in accordance with a parameter asso- 
ciated with each data item including the deci- 5 
mal numbers, the method of conversion being 
selected from: software logic implemented by 

a program, a conversion table lookup method, 
or a stepped conversion table lookup method. 

10 

11. The method as claimed in claim 9 or 10, 
wherein the stepped conversion table estab- 
lishes a correspondence from decimal num- 
bers rounded to a closest multiple of an in- 
teger to the base n number codes correspond- ts 
ing to the rounded decimal numbers divided 

by the integer, wherein the integer is equal to 
or greater than two. 

12. The method as claimed in any of claims 1 to 20 
11, 

wherein a label and an end element are added 
or abridged at the transmitting unit (1 , 2, 3, 4) 
to each data item including the decimal num- 
bers, in accordance with a value of a param- 25 
eter associated with the data item. 

13. The method as claimed in claim 12, 

wherein a label and an end element are added 
to each data item whose label and end ele- 30 
ment are abridged at the transmitting unit, the 
addition being effected at a receiving unit in 
accordance with a value of the parameter as- 
sociated with each data item. 

35 

14. The method as claimed in any of claims 1 to 
13, 

wherein respective units of data are transmit- 
ted in respective time intervals (IT) of a pre- 
determined length. *o 
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